INTRODUCTION
Tyrosine kinase inhibitors (TKIs) are considered by some to be the most successful class of targeted therapies developed in cancer, exceeding all survival expectations.
1 Before the first TKI, imatinib (Gleevec, Novartis, East Hanover, NJ), median survival for patients with chronic myeloid leukemia (CML) was approximately 5 to 6 years. Now, patients with CML who receive and adhere to TKI therapy may live nearly full life spans.
2 TKIs are oral medications taken daily. Despite significant clinical benefits, at least 30% of patients are nonadherent to TKIs. 3, 4 Patients who are nonadherent not only receive fewer benefits of therapy, but poor adherence can also result in treatment failure because resistant CML clones can more easily emerge. 5, 6 Recently, much attention has focused on the high cost of TKIs and whether these costs inhibit patient use.
1 When imatinib was introduced in 2001, it was one of the highest priced drugs available, costing roughly $30,000 per year of treatment. By 2012, imatinib's cost had tripled to $92,000, 1 and second-generation TKIs such as nilotinib (2010) and dasatinib (2010) cost roughly $100,000 or more annually. These estimates are based on average wholesale prices, however, and do not provide a clear picture of actual prices paid by consumers for their medications because patients may be sheltered from high and increasing costs by insurance coverage. Indeed, out-of-pocket spending for patients receiving imatinib is not well understood.
Since the TKIs were introduced, insurance plans have implemented many policies to control JOURNAL OF CLINICAL ONCOLOGY prescription drug costs, including raising copayments and increasing use of coinsurance. [7] [8] [9] These cost control features may result in significant financial burdens for patients who use TKIs, which may have an impact on patient use and adherence. Previous studies have shown that increased cost sharing reduces the use of and adherence to drugs. [10] [11] [12] [13] [14] Research focused specifically on high-cost specialty drugs has found mixed results on whether benefit generosity influences patients' drug use and, if so, the size of its impact. [15] [16] [17] Our objectives were to examine trends in patient out-of-pocket and health plan expenditures for imatinib from 2002 to 2011 and to estimate the association between copayment requirements for imatinib and TKI discontinuation and nonadherence during the first 180 days of treatment for patients newly initiating imatinib therapy.
PATIENTS AND METHODS

Data Source
We used data from the Truven Health MarketScan database from 2002 to 2011. The data came from a selection of large employers, health plans, and government and public organizations and represent the health care experience of employees and their dependents enrolled in commercial health insurance plans sponsored by approximately 100 payers, representing more than 50 million covered lives. 18 The data include monthly enrollment data, inpatient and outpatient medical claims, and outpatient prescription drug claims.
Design and Study Populations
We identified patients with CML diagnoses (International Classification of Diseases, 9th revision [ICD-9] codes 205.1, 205.8, 205.9, 207.8, 208.1, 208.8, and 208.9) who were new imatinib users between January 1, 2002, and June 30, 2011 (N ϭ 4,660). The first observed imatinib dispensing date was considered the index drug date. We excluded patients younger than age 18 years and older than age 64 years (n ϭ 116), and those with acute lymphoid leukemia (ICD-9 codes 204.0, 204.1, and 205.0; n ϭ 941). Finally, we excluded patients who did not have continuous health plan enrollment from 3 months before through 6 months after their index drug date (n ϭ 2,040), those whose first imatinib claim had copayments and coinsurance amounts less than $0 (likely representing fills that were returned or data errors; n ϭ 2), and those with missing demographic information (n ϭ 20). This resulted in 1,541 patients for analysis.
Key Variables
The primary dependent variables of interest were TKI (imatinib, nilotinib, or dasatinib) discontinuation and nonadherence within 180 days of initiation. Although we selected our cohort on the basis of imatinib initiation, our outcome measure included adherence to any TKI used during our study period since patients may have been switched to another TKI (dasatinib or nilotinib) because of intolerance or failure to respond to imatinib. Patients were counted as using a TKI for any day during which they had TKIs available during the study period. We defined discontinuation as a gap in supply of more than 60 days following the exhaustion of drug supply.
19, 20 We chose 60 days because treatment breaks are rarely for 60 days or more. We defined adherence by using the proportion of days covered. This measure represents the number of days that a patient had medication available, divided by the number of days in the period (capped at 100%). Patients were considered adherent to TKIs if they had more than 80% of days with TKIs available during the 180-day period after initiating imatinib 20 ; otherwise, they were considered nonadherent. We measured discontinuation and nonadherence among all individuals in the sample and separately among patients who did not discontinue.
The primary independent variable was the level of copayment required for a 30-day supply of imatinib. We estimated the copayment requirement as the copayment and coinsurance paid by the patient for the first imatinib prescription filled, standardized to a 30-day supply. We excluded deductible payments from this calculation to avoid overestimating copayment requirements since deductibles represent one-time payments that may not apply to subsequent fills and may primarily affect individuals whose index date is at the start of the calendar year. In addition, we summarized total expenditures for the first imatinib prescription, including patient and health plan expenditures. We used the distribution of copayments required to determine whether patients paid high copayments, defined as copayments at the 75th percentile or greater. Copayment distributions were calculated for each calendar year. All dollars were adjusted for inflation to 2011 dollars by using the medical component of the Consumer Price Index.
Propensity-Score Estimation and Application
We estimated a propensity score by modeling the probability of having higher versus lower copayments as a function of the following control variables measured in the month of the patient's index therapy: patient age, insurance type (preferred provider organization or other), region, and the enrollees' relationship to employee (employee v spouse or dependent). We also included two measures of health care use and comorbidity during the 3 months before imatinib initiation: the Klabunde modification of the Charlson score 21 and the number of medication classes used preceding treatment initiation.
22,23 Next, by using the resulting propensity score, we created inverse probability of treatment weights for each patient; equal to 1/p (where p is the propensity score) for patients in the higher copay group and 1/(1 Ϫ p) for patients in the lower copay group. 24, 25 We stabilized the propensity-score weights by multiplying the inverse probability of treatment weights by the marginal prevalence of the treatment actually received. 26 This method of propensity-score weighting provided an estimate of the treatment effect in the population-in this case, the effect of high copayments among privately insured patients.
Statistical Analysis
First, we described general trends in imatinib copayment requirements and total expenditures over the study period. Next, by using the propensityscore weighted cohort, we estimated the risk of discontinuing therapy and the risk of being nonadherent to therapy for patients with higher versus lower copayments. We used generalized estimating equations with log links and binomial distributions for each of the outcome models. Finally, we estimated the proportion of days of medication used during the 180 days following drug initiation by using a generalized estimating equation with an identity link and normal distribution. Adjusted risks and adjusted risk ratios (aRRs) with 95% CIs were estimated from each model. We used SAS 9.3 (SAS Institute, Cary, NC) for all analyses.
Sensitivity Analyses
To test the robustness of our study findings, we conducted several sensitivity analyses. First, we excluded 97 patients who were hospitalized after imatinib initiation because adherence during hospitalization cannot be detected by using prescription claims. Second, we excluded 74 patients who paid drug deductibles for their first imatinib fill since we excluded these expenditures from our copayment calculations. Third, we included only patients who had at least 6 months of enrollment before their first observed imatinib fill to reduce the likelihood for misclassification of TKI exposure that might arise from using a 3-month clean period. Fourth, we varied our cut point for defining adherence from 80% of the proportion of days covered to 85% and 90% to reflect additional clinically meaningful cut points. Finally, we were unable to accurately distinguish breaks in therapy to address toxicity from imatinib from breaks related to nonadherence; thus, we revised our discontinuation definition from more than 60 days to more than 90 days without TKIs to avoid misclassifying patients as discontinuing during gaps in treatment related to toxicity. the confounder in the lower-and higher-copayment groups and the confounder's relationship with adherence.
RESULTS
Characteristics of the 1,541 patients newly initiating imatinib are provided in Table 1 . The mean age was 48.8 years (standard deviation [SD], 11.0), and 44% were female. Before propensity-score weighting, patients with relatively lower imatinib copayment requirements were similar on most measured characteristics to those with higher (Ն 75th percentile) copayment requirements, although patients with higher copayment requirements were less likely to reside in the Northeast (8.4% v 12.6%) and more likely to have a preferred provider organization health plan (67.8% v 57.3%). After propensity score adjustment, there were no differences (Table 1) .
Copayment requirements for imatinib were largely drug copayments rather than coinsurance. Only 6.4% of our sample paid any coinsurance for imatinib versus 88.5% paying any copayments. Among those with coinsurance requirements, the mean spending on a 30-day supply of imatinib was $286 (SD, $470; median, $50; interquartile range [IQR], $327). Costs varied substantially among individuals in our sample, with 6.4% of the sample paying more than $500 for a 30-day supply of imatinib.
Patient and Health Plan Spending on Imatinib
Over the study period, the mean copayment required for a 30-day supply of imatinib was $108 (SD, $301). Mean copayments varied widely, with patients in the lowest 25th percentile paying $17 and those in the upper 75th percentile paying $53. Importantly, the median copayment required across all years was approximately $30 per fill, but copayments ranged from $0 to $4,792. Over time, monthly copayments increased from an average of $55 in 2002 to $145 in 2010 (Fig 1A) .
Total imatinib expenditures, including both health plan expenditures and patient copayments, increased substantially over the study period. The mean monthly total expenditures nearly doubled between 2002 and 2011, from $2,798 to $4,892 (Fig 1B) . Median total imatinib expenditures over the study period similarly increased from $2,846 (IQR, $100) in 2002 to $4,954 (IQR, $156) in 2011.
Association Between Cost-Sharing Level and Discontinuation
Among new users of imatinib, approximately 10% of patients with relatively lower copayment requirements and 17% of patients with higher copayments discontinued therapy during the first 180 days following treatment initiation (Table 2 ). There was a 70% increase in the risk of discontinuing TKIs among patients with higher copayment requirements (upper 75th percentile; aRR, 1.70; 95% CI, 1.30 to 2.22). Similarly, approximately 21% of patients with lower copayments were nonadherent to their TKI therapy (Ͻ 80% of days with drug available) versus 30% of patients with higher copayments. Patients with higher copayments were 42% more likely to be nonadherent to their TKI therapy (aRR, 1.42; 95% CI, 1.19 to 1.69). When evaluating the proportion of days covered with their medication supply (Table 3) , patients with lower copayments had 87% of days covered versus 82% among patients with higher copayments (adjusted risk difference, Ϫ0.05; 95% CI, Ϫ0.07 to Ϫ0.02). However, we found little difference in the proportion of days covered by copayment level when restricting our analysis to patients who did not discontinue therapy. Among those patients, we found adherence of 93% among those with lower copayments and 92% among those with higher copayments (adjusted risk difference, Ϫ0.01; 95% CI, Ϫ0.02 to 0.00; P ϭ .15).
Sensitivity Analyses
Results from the sensitivity analyses in which we (1) excluded patients who were hospitalized following imatinib initiation, (2) excluded patients who paid drug deductibles, (3) restricted our sample to patients with 6 months of prior enrollment without TKI use, (4) varied our definition of nonadherence to reflect less than 85% and less than 90% of days covered, and (5) redefined discontinuation as more than 90 days of no TKI therapy were consistent with the primary analysis (data not shown).
Sensitivity to Unobserved Confounders
In analyses assessing the sensitivity of our findings to unobserved confounders, we considered a confounder, such as poor understanding of one's disease, and assumed that the prevalence of confounders was twice as high among patients in the higher copayment groups (approximately 20%) than among patients in lower copayment groups (approximately 10%). We also assumed that this confounder was associated with a two-fold increase in risk of discontinuation or nonadherence. Under these assumptions, the risk of discontinuation (risk ratio [RR], 1.56; 95% CI, 1.19 to 2.04) and nonadherence (RR, 1.30; 95% CI, 1.09 to 1.55) remained statistically significant. Lack of understanding would need to be three times as prevalent in the higher versus lower copayment group (ie, 30% v 10%) and the association between poor understanding and adherence a three-fold increase for the observed associations to no longer be statistically significant.
DISCUSSION
TKIs are costly to patients and insurance plans, and our results demonstrate that high copayment requirements for drugs are associated with substantially reduced use. Patients with relatively higher cost-sharing requirements were 70% more likely to discontinue therapy and were 42% more likely to have inadequate adherence. Discontinuation and nonadherence to TKIs have severe and costly consequences for patients including CML progression, need for hematopoietic stem-cell transplantation and, potentially, death.
3-5 Even a low level of nonadherence may be dangerous; evidence suggests that 85% adherence is associated with resistant clones and imatinib failure. 6 Importantly, our analyses may represent the best-case scenario when evaluating the impact of cost sharing on adherence to TKIs, since patients included in our sample represent privately insured patients with relatively generous employer-sponsored insurance (median copayment, $30 per fill) who filled at least one imatinib prescription. Thus, patients with very high copayments that result in primary nonadherence (ie, not filling the first prescription) are not represented in our sample. Yet, even in this setting, we observed a large impact of cost on discontinuation and adherence. NOTE. Discontinuation is defined as having a gap of more than 60 days after the exhaustion of available therapy. Nonadherence is defined as having Ͻ 80% of days with tyrosine kinase inhibitors available during the 180-day period after imatinib initiation. Propensity-score weighting was used to adjust for all covariates. Abbreviation: aRR, adjusted risk ratio. . 32 The high costs of these treatments has a direct impact on patients since their out-of-pocket costs are tied to the negotiated price of the drug. Given recent price increases for imatinib, 1 out-of-pocket costs for this drug are likely to increase further among all patients facing coinsurance requirements for the TKIs. Imatinib is expected to lose patent protection in 2014, but the prices of the other TKIs will remain high. Although our findings from commercially insured individuals may not generalize to Medicare beneficiaries, it is likely that Medicare beneficiaries with CML (who comprise more than half of patients with CML, with a median age at diagnosis of 64 years) 33 would be at greater risk for cost-related discontinuation, since their copayment requirements are typically higher than those observed in our cohort.
Patient Copayment Requirements (USD)
Traditionally, systemic anticancer therapies have been injected or infused in hospital or physician's office-based settings. Thus, health care providers are better able to ensure that patients receive their full course of chemotherapy. The TKIs and a growing number of biologic therapies are oral medications obtained by the patient from the pharmacy, and receipt of therapy depends on patient medication-taking behaviors. Numerous studies have documented barriers to optimal medication adherence, including forgetfulness, active decisions to omit doses, cognitive impairment or psychological problems, treatment of asymptomatic disease, polypharmacy, adverse effects, and high out-of-pocket costs. 29, 34 The TKIs are some of the most effective biologic therapies available, but we nevertheless identified substantial nonadherence associated with higher out-of-pocket costs. It is likely that nonadherence related to out-of-pocket expenses may be even more pronounced for other expensive biologic anticancer therapies patients perceive as less effective.
Proposed changes in financing oral anticancer therapies, including providing oral anticancer treatments at coverage levels similar to those of infused treatments and limits on total out-of-pocket spending, may further influence patient cost sharing. However, it is unclear to what extent these benefits will be offset by higher premiums, deductible payments, and coverage restrictions (including increased copayments and/or coinsurance) following implementation of the Affordable Care Act. This study has several limitations. First, we could not determine reasons for discontinuation of or nonadherence to TKIs. In sensitivity analyses, results were similar when we redefined discontinuation as more than 90 days without therapy since most patients with severe adverse effects (eg, pleural effusion requiring hospitalization) would likely restart TKI treatment within 90 days. Moreover, we have no reason to assume that adverse effects of TKIs would differ by the generosity of an individual's plan. Second, propensity-score analyses can adjust only for differences in observable characteristics between groups; however, our results were robust to analyses testing the sensitivity of our findings to a potential unobserved confounder. Third, because costs are highly skewed, categorizing spending as being higher or lower than the 75th percentile combined patients with very high and somewhat lower cost sharing into a single category. Although this may weaken estimates of the effect of higher cost-sharing on outcomes, we felt this categorization was most appropriate, given sample size considerations. Finally, when the second-generation TKIs were introduced in 2010, our data were not yet mature enough to assess the potential effects of patient costs on adherence for patients initiating TKIs other than imatinib.
In summary, we found large effects on the discontinuation of and nonadherence to TKIs associated with patient cost-sharing requirements. It is unclear how insurers will respond to recent price increases for imatinib, but the recent tripling of imatinib's price raises questions about the decisions manufacturers make when determining prices.
1
Our findings highlight the potentially harmful effects of high copayment requirements on patients with CML. Given the recent increase in the use of oral medications for cancer treatment and recurrence prevention, it is important to develop rational policies that do not inhibit patient access to highly effective life-extending treatments.
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